Many devices have been developed for the measurement of the water delivered to farmers for irrigation, and of these the standard weirs have been most carefully calibrated. When weirs of this type have been correctly designed, installed, and maintained they give accurate results.
In some localities, however, especially in the older irrigated sections, types of weirs have come into use that are not standard and that consequently can not give accurate results unless new calibrations are made. For one of the many weirs of this type the following tables and charts have been prepared in order that the structures already installed may be successfully used in the distribution of water.
The farmer's short-box measuring flume, as shown in Figure 1 , is a weir with completely suppressed end cop tractions and a partially suppressed bottom contraction. No provision is made for the aeration and lateral expansion of the nappe, as required in the standard weir without end contractions. The floor of the weir box is level, and is placed at the grade of the ditch in which it is installed. The weir bulkhead is variable in height, depending on the conditions it has to fulfill, and it is usually made from the commercial sizes of 2-inch lumber. No attempt is made to keep a sharp edge at the crest.
As shown in the figure, the bulkhead is not fixed, but may be removed, by sliding it out of the grooves in the walls of the weir comes submerged, as frequently happens when large quantities are measured over low weirs, it is necessary to measure both the upstream and the downstream heads in order to find the discharge. In this case two gauge points, or places for measuring the head, must be used, one above and one below the weir bulkhead. Both points should be at the same elevation. The floor of the weir box, which is level, may be used in an emergency, but under conditions in which submergence frequently occurs points located at the elevation of the weir crest are more convenient.
METHOD OF CALIBRATION.
For the purpose of simplicity in making the calibrations of the various sizes of flumes and heights of weirs, and in order to make the results comparable, it was necessary to adopt a standard design for the weir box, a definite location for the gauges, and a uniform plan of conducting the tests. Table 1 gives the standard weir-box dimensions and positions of the gauges. The letters used refer to Figure 1 . It will be noted that the location of the gauges is the same for all the sizes of flumes. The discharge over this type of weir is very nearly proportional to the width of the flume, and therefore the condition of the flow is very nearly independent of the width; consequently, the position of the gauges need not be changed for the various sizes of flumes. The gauge point, 1 foot upstream from the weir bulkhead, was so located as to be outside the influence of the contraction lines of the water entering the flume, and not too near the crest. Because of the disturbed condition of the water below the crest the gauge point, 2 feet downstream from the weir bulkhead, was placed as far below the crest as the dimensions of the smallest flume would permit. The elevation of the zero of the gauges is not given. It depends on the height of the weir crest, and for convenience should be at the elevation of the crest. ( 2 ) 1 The distance E depends on the height of P and the capacity required. J The height of the crest P depends on the fall available in the lateral.
All the tests upon which the tables and charts are based were made at the hydraulic laboratory at Fort Collins, Colo. 2 The general arrangement of the apparatus used in the calibration is shown in Figure 2 . The flume itself is similar to that shown in Figure 1 , except that auxiliary walls, with a side slope of 1 to 1, have been attached to the upper end of the structure in order to approach more nearly the condition in a lateral. The. points for taking the gauge readings are the same as in the standard measuring flume, but to increase the accuracy the gauge readings above and below the crest were taken by means of hook gauges located in the stilling wells DEPARTMENT BULLETIN 1110. shown in the figure. At the same time the gauge readings on the crest were taken to the nearest one-sixteenth of an inch, with an ordinary carpenter's folding rule held vertically at the center of the flume and on the upstream edge of the crest. All the weir bulkheads were made of 2-inch material, having the upper edge or crest planed straight and at right angles to the side. Both corners of the crest were slightly rounded with sandpaper in order to approach field SECTION AND ELEVATION conditions as nearly as possible. The discharge for each test was determined volumetrically in the calibration tanks at the laboratory. In all, four sizes of flumes, each with four heights of crest, were calibrated.
The flumes were 1, 2, 3, and 4 feet in width and the weirs were nominally 4, 8, 12, and 16 inches in height, but by measurement were found to be 3{}, 7£, 10J , and 14^inches, or 0.307, 0.594, 0.907, and 1.203 feet, respectively, in height. The thickness of the crest was in all cases 1^inches. For each width of flume and height of crest a sufficient number of tests was made to locate definitely the position of the discharge curves for the free-flow and the submerged-flow conditions. This required a total of 271 tests, or about 17 tests each, for the 16 different settings. In addition, 8 special tests were made to determine the effect of various minor changes in the structure upon the discharge.
DERIVATION OF DISCHARGE FORMULAS.
The formulas for the free flow and for the submerged flow were deduced from these data. The discharge per unit width (1 foot) of flume was first determined for each head and height of weir. By comparing the discharges for unit widths of the different flumes for the same head and height of weir it was noted that there was no uniform difference in the discharges per unit width: therefore, in order to simplify the work, the average values were used. These values were plotted logarithmically, and from the lines drawn through the corresponding points the individual equations were determined.
The free-flow and the submerged-flow equations were determined separately on account of the difficulty in determining a general equation for both conditions. The equations for the two conditions are as follows Formulas I and II are empirical formulas based on the calibration of 1, 2, 3, and 4 foot flumes, with 4. S. 12. and 16 inch weirs, for various heads and differences of head. They should not be used for larger or smaller flumes and weirs, nor for heads and differences of head beyond the limits of the experimental data. These limiting heads and differences of head are given in the tables and diagrams computed from the formulas.
The discharge values computed from Formula I agree very closely with the experimental data, except for heads of less than 0.2 foot. Formula II, however, which gives the submerged-flow discharges, does not give values that agree so closely with the experimental data. This is partly due to the variation in the observed discharges caused by the uncertainty of obtaining the true gauge heights. Formula II, like Formula I, does not give accurate results for heads of less than 0.2 foot. The agreement of the discharges computed from Formulas I and II for the free flow and submerged conditions, respectively, with the experimental discharges for the same conditions, is shown graphically in Figure 3 The discharge values given are for a 1-foot width of flume. To find the discharge for any width of flume it is only necessary to multiply the discharge given in the J able by the width of the flume in feet. These tables, however, should not be used for flumes less than 1 foot or more than 4 feet in width. In order to illustrate the use of the table in finding the discharge, assume a 1.5-foot flume with a 2 by 8 inch weir, and a head of 2 inches measured on the crest. In the column headed "Head on crest" for the 2 by 8 inch weir, find the 2|-inch head, and on the same line, to the right in the column headed " Discharge," read 0.39 cubic feet per second. This is the discharge for a 1-foot flume. To find the discharge for a 1.5-foot flume, multiply 0.39 by 1.5 and get 0.58 cubic feet per second, the discharge for a 1.5-foot flume under conditions given above. Had the 2|-inch head been measured at the upper gauge, then it would have been necessary to find the head in the column headed "Head in inches" for the upper gauge and to read the discharge of 0.31 cubic feet per second on the same line in the discharge column for the 2 by 8 inch weir. The discharge for a 1.5-foot flume is then 1.5 times 0.31, or 0.46 cubic feet per second when the head is measured at the upper gauge. The difference in the two values obtained shows the necessity of using the proper column in finding: the head.
THE FAR^IEB S SHORT-BOX MEASURING FLUME. To find the discharge, it is first necessary to convert the heads in inches into feet. This conversion is readily made with the aid of Table 3 , which shows that 6^inches equals 0.542 foot and 4£ inches equals 0.354 foot.
Of course, if both heads are measured in feet, no conversion is necessary. In order to find the difference of head, subtract 0.354 from 0.542 and get 0.188 foot, or approximately 0.54 and 0.19, respectively, for the upper head and the difference of head. Next turn to Figure 8 , which is the discharge diagram for a 2 by 16 inch weir 1 foot long. On the left of the diagram find the horizontal line for the 0.19 difference of head, follow it to the right until the 0.5-upper-head line is reached, estimate the position of the 0.54-line, and then find where the 0.19 difference-of-head line cuts the 0.54-upper-head line, and directly beneath this point read 0.98 cubic feet per second as the discharge for a 1-foot flume. Then for a 3-foot flume, the discharge is 3 times 0.98 or 2.94 cubic feet per second under the conditions given above. These diagrams should not be used for flumes less than 1 foot nor more than 4 feet in width.
It will be observed that the diagrams do not cover the complete range of differences possible for each upper head; in fact, only the small differences are shown except for the small upper heads. This is due to the difficulty in obtaining these heads in practice. Where large flows with large differences in head are measured, the velocity of the water is so great below the crest that there is very little tendency to submerge the weir until the retardation below is quite great. It is doubtful even, if these large differences of head are possible except for very high weirs which tend to reduce the velocity of the water below the crest. SPECIAL TESTS.
The results of the special tests to determine the effect of changes in the flume are given in Table 4 . The results of these tests show that neither the changes in the crest nor the changes in the approach condition cause errors greater than 3.3 per cent. For submerged conditions, the errors would probably be less on account of the lower velocities of flow.
This indicates that the changes which ordinarily occur in the field would not cause serious errors in the measurements of discharges from this type of measuring device. 
SUMMARY.
The farmer's short-box measuring flume was calibrated in order to make possible the successful use in the distribution of water of the structures of this type already installed.
The accuracy of the device is sufficient for ordinary requirements, but it is not to be recommended in preference to the standard types of weirs . A comparison of the experimental discharges with the computed discharges for the free flow and for the submerged conditions shows that 77 per cent of all the free-flow computed discharges are in error by less than 2 per cent, and that 74 per cent of all the submerged-flow computed discharges are in error by less than 5 per cent.
The results show that the submerged condition should be avoided if possible.
For free-flow conditions, the gauge height may be measured either on the crest of the weir or 1 foot upstream from it. Care should be taken not to confuse the readings taken at the different points, when using the discharge tables.
For submerged conditions, both the upstream and the downstream heads must be measured. On account of the disturbed condition of the water, it is recommended that, in order to increase the accuracy, the heads be measured in stilling wells placed outside of the flume.
The discharge formulas are not applicable for heads greater or less than those given in the tables and diagrams, nor for flumes greater than 4 feet or less than 1 foot in width. Changes, such as might occur in the flumes in the field, do not affect the discharge sufficiently to impair the usefulness of the device.
